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Chapter 13  
MEASUREMENT UNCERTAINTY OF 
ACTIVATED CHARCOAL AND ALPHA-TRACK 
INDOOR RADON DETECTORS 
 
George Mushrush, Douglas Mose and Fiorella Simoni 
Department of Chemistry and Biochemistry, Center for Basic and Applied Science, George 
Mason University, Fairfax, VA 
Abstract: According the US-EPA protocol, when a home is purchased it should be tested 
for indoor radon using a short-term (2-7 day) device like a container of 
activated charcoal, and the indoor radon concentration should be less than 4 
pCi/L. When a home is tested because long-term occupancy is likely (e.g. 
many years), the test is commonly done using a long-term (e.g. 3-month) 
device like a container of film that can record the tracks produced by alpha 
tracks generated by radon and its immediate radioactive decay products. For 
long-term occupancy, the US-EPA recommends that the indoor radon 
concentration be less than 2 pCi/L. In our study of over 1000 homes, using 
both short-term activated charcoal detectors and long-term alpha-track 
detectors, we found that at the 70% confidence level, when trying to estimate 
the average indoor radon concentration over an entire year, an uncertainty of 
+/- 90% had to be applied to single activated charcoal detectors and +/- 30% to 
single alpha-track detectors. 
Key words: indoor radon, radon monitors, home inspections 
1. INTRODUCTION 
By the early 1990's, homeowners across the world were alerted by a 
series of news media reports noting the recent discoveries of homes with 
dangerously high concentrations of indoor radon.  More reports followed 
soon after concerning the radon testing activities of federal, state and county 
agencies concerned with public health. News media and civic association 
attention were directed toward radon testing companies, and toward 
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investigators at George Mason University who had been studying airborne 
and waterborne radon as geological indicators of soil chemistry. Together 
with community activists, the investigators had developed a program 
designed to better understand the health risk related to radon in Virginia and 
Maryland. Through this arrangement, indoor radon concentrations were 
measured at weekly and monthly intervals in approximately 1800 homes.   
Over the study interval, to maintain community interest, homeowners were 
sent approximately 100 pages of material, including quarterly reports, 
informative literature about radon, and questionnaires. 
The study concentrated on seasonal measurements of indoor radon, 
where winter is November, December and January, spring is February, 
March and April, summer is May, June and July, and fall is August, 
September and October. A questionnaire completed by the homeowner at the 
start of their test series served to quantify home construction factors (type of 
basement, age of home, etc.).  Another questionnaire completed at the end of 
each seasonal measurement interval was used to describe home use (number 
of heating days, number of days with opened windows, etc.). Monitors were 
placed in a basement where possible.  About 90% of the homes had 
basements, and of those, about 90% had the monitors in the basement. An 
activated charcoal monitor was placed in approximately 500 homes. Enough 
data were collected to facilitate a comparison between single activated 
charcoal measurements and single alpha-track measurements with the annual 
(year-long average) radon concentrations in many homes. The comparison is 
the purpose of this paper. 
2. PRECISION AND ACCURACY 
The most important problem faced by homeowners in determining if 
their homes have a radon problem is that radon is known to fluctuate rapidly, 
with low point to high point changes  due to weather and home use  
commonly more than 100%. The question that this paper will address 
concerns the length of time required to obtain a meaningful estimate of the 
annual radon concentration. 
When home owners test their own home, we found that radon monitors 
are usually placed in the home for less than one year, and subsequent testing 
is often not done even if the first measurement is of some consequence. The 
best estimate of indoor radon would obviously be obtained by monitors 
placed in homes at regular intervals over many years, or by indoor radon 
monitors carried by people over a significant portion of their lifetime. 
Neither method is likely to be used by even a small portion of the 
population. Since homeowners usually test their home once, with one 
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detector, and since radon fluctuations do occur, the question becomes one of 
adequacy. Although there is some debate on this point, it is generally 
recognized that since both types of monitors have been approved by the US-
EPA, they carry a measurement uncertainty of about +/- 25% at the 90% 
confidence level for their measurement intervals. The U.S. Environmental 
Protection Agency requires that the uncertainty be less than +/- 25% at 4 
pCi/l (1 pCi/l = 37 Bq m -3).  But the real question is, how accurately does 
one want to estimate the annual radon concentration?  How well can 
charcoal detectors and alpha-track detectors estimate the year-long average? 
In the following discussions, it is assumed that neither the charcoal 
monitor nor the alpha-track monitor yield results that are biased toward too 
high or too low measurements. It is also assumed that the pattern of 
deviation of a single charcoal or alpha-track measurement from annual 
average is considered to be related to natural variations in indoor radon 
concentrations.  The last assumption is that the annual radon concentration 
can be adequately estimated by averaging radon concentrations from a series 
of four alpha-track measurements, each over three months.  With these 
assumptions, single charcoal and single alpha-track measurements can be 
compared to annual radon concentrations. 
3. RADON MONITORS 
The charcoal monitors used in this study (Air Chek, Inc) have a vapor 
barrier because the adsorption characteristics of charcoal monitors change 
measurably under "uncomfortable" humidity. Generally, a measurement 
interval of three to four days was used. In the following discussions, we 
report on homes having one charcoal measurement and an estimate of annual 
radon concentration, and on additional homes with a single charcoal 
measurement and an alpha-track measurement over the season of charcoal 
measurement. 
The alpha-track monitors used in this study (Tech/Ops Landauer, Inc) 
have a dust filter through which the radon can pass. The nuclear tracks 
record on the small square of plastic film inside these monitors and are not 
affected by normal variation in home humidity and temperature. The 
dislocation sites (more commonly called alpha-tracks) are permanently 
recorded on film. Estimates of analytical uncertainly for the alpha-track 
monitors are dependent on the measurement interval, so an interval of three 
months was utilized. 
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4. ANNUAL RADON AND CHARCOAL MONITORS 
Table 1 presents a comparison between activated charcoal measurements 
with annual radon concentrations. Charcoal-to-annual ratios of less than 1.0 
represent cases where the charcoal measurement was less than the annual 
measurement: ratios of more than 1.0 represent cases where the charcoal was 
greater than the annual measurement.  
 
Table 1. Ratios between the annual indoor radon measurements and indoor radon 
measurements obtained using containers of activated charcoal exposed for 3-6 days. 
Charcoal/Annual Measurements Charcoal/Annual Measurements 
0.0 to 0.9 2 homes 1.01 to 1.1 14 homes 
0.1 to 0.19 4 1.1 to 1.2 17 
0.2 to 0.29 9 1.21 to 1.3 10 
0.3 to 0.39 3 1.31 to 1.4 4 
0.4 to 0.49 8 1.41 to 1.5 1 
0.5 to 0.59 10 1.51 to 1.6 1 
0.6 to 0.69 11 1.61 to 1.7 3 
0.7 to 0.79 14 1.71 to 1.8 1 
0.8 to 0.89 15 1.81 to 1.9 1 
0.9 to 0.99 9 1.91 to 2.0 3 
1.0 1 Over 2.0 11 
56% of the charcoal measurements were less than the corresponding annual radon 
measurement and 44% were greater than the annual measurement. 
 
Table 2 provides an estimate of the uncertainly that should be applied to 
a single charcoal measurement in order to estimate the possible annual radon 
concentration.  For example, the data show that 67% of the homes yield a 
charcoal-to-annual deviation of up to +/- 40%.  This could be rephrased to 
say that at the 67% confidence level, the uncertainty that would be applied to 
a single charcoal measurement is +/-40% of the charcoal measurement.  
Similarly, one would apply  +/- 90% uncertainty to the charcoal 
measurement if one wanted to be very sure (e.g., 90% confidence level) of 
the possible annual radon concentration.  Obviously, these uncertainties are 
considerably larger than the +/- 25% uncertainty noted earlier that is applied 
to a single measurement but only over the measurement interval.  The much 
larger uncertainty is a consequence of the need to estimate the annual radon 
concentration as compared to the much less useful radon concentration 
during the measurement interval. 
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Table 2. Summary of radon measurements, in terms of the deviation between 3-5 day 
activated charcoal measurements and the annual measurement. 
Deviation Above and Below Annual Homes Within Each Deviation Level 
Charcoal is +/- 10% of Annual Found in 16% of the Homes 
+/- 20% 35% 
+/- 30% 53% 
+/- 40% 67%* 
+/- 50% 75% 
+/- 60% 77% 
+/- 70% 83% 
+/- 80% 88% 
+/- 90% 90% 
5. ANNUAL RADON AND ALPHA-TRACK 
MONITORS 
Table 3 shows that winter alpha-track measurements tend to be greater 
than the annual radon concentration, and summer measurement tend to be 
less than the annual concentration. Spring and fall measurements are less 
biased toward higher of lower measurements. This situation is obviously 
related to natural seasonal variations. One could apply a correction factor to 
adjust a measurement (Table 4), and one could then apply an uncertainty to 
the measurement to estimate the annual radon concentration.  
 
Table 3. Ratios between the annual (year-long average) indoor radon measurements and the 
indoor radon measurements obtained using alpha-track monitors exposed for 3 months. Ratios 
are from 4 comparison experiments, plus the totals of the 4 experiments. 
Alpha/Annual Number of Homes in Each Seasonal Interval 
Measurements 
 
Winter 
Homes 
Spring 
Homes 
Summer 
Homes 
Fall 
Homes 
Total 
Homes 
0.0 to 0.19 2 3 2 5 13 
0.2 to 0.39 9 21 34 13 77 
0.4 to 0.59 20 44 128 34 226 
0.6 to 0.79 76 138 227 85 526 
0.8 to 0.99 154 234 172 203 763 
1.0 to 1.10 126 146 60 140 472 
1.11 to 1.3 110 136 76 112 434 
1.31 to 1.5 109 71 14 87 281 
1.51 to 1.7 78 20 9 24 131 
1.71 to 1.9 22 6 3 11 42 
Over 1.91 22 10 3 6 41 
% with 3-Month <Annual 
 32% 53% 80% 41%  
% with 3-Month >Annual 
 67% 45% 19% 57%  
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Alpha/Annual Number of Homes in Each Seasonal Interval 
Median 3-Month/ Annual Ratio 
 1.12 0.98 0.83 1.04  
*Average Seasonal  Bias 
 +12% -2% -17% +4%  
* Seasonal Bias can be used to adjust a seasonal measurement so as to more closely estimate 
an annual measurement. For example, using the Summer column, increasing a summer 
measurement by 17% is close to the annual measurement. 
 
Table 4. Summary of radon measurements, in terms of the deviation between a 3-month 
alpha-track measurement (season not designated) and the annual (year-long average) 
measurement  
Deviation Above and Below Annual Homes Within Each Deviation Level 
3 month is +/- 10% of Annual Found in 30% of the Homes 
+/- 20% 60% 
+/- 30% 75%* 
+/- 40% 83% 
+/- 50% 90% 
6. DISCUSSION 
A comparison between Table 2 and 4 shows the dramatic difference in 
the uncertainty estimate between the charcoal and the alpha-track detector.  
For example, one could say that at the 67% confidence level, one would 
apply a +/- 40% uncertainty to the charcoal measurement (see Table 2) and a 
+/- 25% uncertainty to the alpha-track measurement (see Table 4).  To be 
very sure (90% sure) of the possible annual radon concentration, one would 
apply a +/- 90% uncertainty to the charcoal measurement and a  +/- 50% 
uncertainty to the alpha-track measurement. 
 As was noted for the charcoal monitors the deviation of single 
alpha-track measurements from annual radon concentrations does not appear 
to be a function of indoor radon concentration.  Deviations of about the same 
magnitude occur for both low and high radon concentrations for all seasonal 
intervals.  The deviations are therefore concluded to be the result of natural 
variations in radon, and not measurement inaccuracies. 
7. CONCLUSIONS 
Almost all indoor radon measurements in Virginia and Maryland are 
obtained by homeowners using activated charcoal radon monitors or 
alpha-track monitors.  Manufacturer estimates for the measurement interval 
(a few days for the charcoal and a few months for the alpha-track monitors) 
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uncertainties are about +/- 25% at the 90% confidence level.  However, 
much larger uncertainties must be applied to estimate the annual radon 
concentration.  This uncertainty in estimating the annual radon concentration 
was about +/- 90% for the charcoal monitors and about +/- 50% for the 
alpha-track monitors. 
One implication of these uncertainty estimates is that charcoal monitors 
should best be considered a "sampler" of indoor radon that is useful only for 
the measurement interval.  Homeowners who wish to obtain a better estimate 
of annual radon should be advised to use a series of charcoal monitors (at 
least 5 over 10 weeks), or a single alpha-track monitor exposed for perhaps 
three months.  It may also be important to reconsider the validity of using 4 
pCi/l as an "action level" to be applied to a single charcoal measurement.  A 
single charcoal measurement of 3.9 pCi/l could in fact come from a home 
that has an annual radon concentration of between twice and half of the 
single charcoal measurement.  
Another important observation concerns the concept of "closed-home" 
measurements. The available data show that the closed-home condition often 
yields measurements that are less than the annual radon concentrations, and 
very often less than the "worst-case" conditions thought to prevail in the 
winter.  Also, variables such as soil radon and soil permeability, as well as 
weather and home construction may interact in ways that often prevent a 
closed-home condition from facilitating a short-term (charcoal monitor) 
worst-case measurement.  The obvious implication is that homeowners, 
realtors and scientists should be cautious when using charcoal measurements 
to estimate annual radon concentrations.  This caution, plus a realistic 
estimate of the measurement uncertainties, can generate radon estimates that 
have significance. 
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